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Small-Volume  Fluid  Resuscitation  for  the  Far-Forward 
Combat  Environment:  Current  Concepts 


example,  the  U.S.  Army  has  invested 
much  effort  in  the  evaluation  of  hyper¬ 
tonic  saline  dextran  (HSD)  as  a  plasma 
volume  expander,  at  one  tenth  to  one 
twelfth  the  volume  of  conventional  crys¬ 
talloids,  in  numerous  animal  models  of 
hemorrhage.  These  studies  have  identified 
HSD  as  a  potentially  useful  field  resusci¬ 
tation  fluid.  In  addition,  preliminary  stud¬ 
ies  have  used  HSD  under  hypotensive  re¬ 
suscitation  conditions,  and  it  has  been 
administered  through  intraosseous  infu¬ 
sion  devices  for  vascular  access.  This  re¬ 


search  suggests  that  many  of  the  difficul¬ 
ties  and  concerns  associated  with  fluid 
resuscitation  for  treating  significant  hem¬ 
orrhage  in  the  field  can  be  overcome.  For 
the  military,  such  observations  have  im¬ 
portant  implications  toward  the  develop¬ 
ment  of  optimal  fluid  resuscitation  strate¬ 
gies  under  austere  battlefield  conditions 
for  stabilization  of  the  combat  casualty. 
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Hemorrhage  remains  the  primary 
cause  of  death  on  the  battlefield  in  con¬ 
ventional  warfare.  With  modern  combat 
operations  leading  to  the  likelihood  of  sig¬ 
nificant  time  delays  in  air  evacuation  of 
casualties  and  long  transport  times,  the 
immediate  goals  of  the  Army’s  Science 
and  Technology  Objectives  in  Resuscita¬ 
tion  are  to  develop  limited-  or  small-vol¬ 
ume  fluid  resuscitation  strategies,  includ¬ 
ing  permissive  hypotension,  for  the 
treatment  of  severe  hemorrhage  to  im¬ 
prove  battlefield  survival  and  prevent 
early  and  late  deleterious  sequelae.  As  an 


Hemorrhage  accounts  for  50%  of  battlefield  deaths  in 
conventional  warfare  and  30%  of  casualties  who  die 
from  wounds.1  From  these  statistics,  it  has  been  sug¬ 
gested  that  65%  to  80%  of  casualties  may  require  some 
amount  of  fluid.  Lessons  learned  by  the  British  in  the  Falk¬ 
land  Islands  War  confirmed  that  early  fluid  resuscitation 
improved  survival  (R.  Mosebar,  personal  communication).  In 
a  recent  consensus  conference,  Butler  et  al.2  concluded  that 
fluid  resuscitation  was  necessary  for  any  casualty  with  a 
change  in  mental  status  or  a  casualty  who  is  unconscious, 
suggesting  a  systolic  blood  pressure  less  than  50  mm  Hg. 

OBSTACLES  TO  MEDICAL  CARE  ON  THE 
BATTLEFIELD 

It  is  well  recognized  that  limitations  exist  in  providing 
far-forward  resuscitation  on  the  battlefield.  For  example, 
large  volumes  of  resuscitation  fluids  cannot  be  carried  into 
the  field,  and  there  can  be  significant  time  delays  and  failure 
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rates  in  obtaining  peripheral  intravenous  access  in  the  field. 
In  addition,  the  medic  has  only  limited  training,  and  delayed 
transport  to  definitive  medical  treatment  facilities  is  a  high 
probability.  Nevertheless,  evidence  from  experimental  ani¬ 
mals  suggests  that  interventions  to  reestablish  homeostasis 
may  need  to  be  initiated  within  30  minutes  after  injury  to 
ensure  survival.3 

Future  combat  scenarios  imply  that  delays  of  24  hours 
before  evacuation  of  casualties  may  be  common,  and  delays 
as  long  as  96  hours  may  occur  in  obtaining  air  evacuation  of 
battlefields.  Lessons  learned  from  Somalia  indicate  that  evac¬ 
uation  from  urban  battlefields  may  be  quite  delayed.4  The 
implication  is  that  several  hours  may  pass  before  any  surgical 
intervention  to  treat  the  injured  soldier  is  possible.  In  addi¬ 
tion,  special  operations  forces  operate  under  the  assumption 
that  evacuation  of  casualties  could  be  delayed  for  up  to  72 
hours.  As  indicated  by  Bellamy,1  mortality  increased  from 
20%  to  32%  when  evacuation  of  casualties  was  delayed  from 
immediately  to  24  hours.  Although  his  data  did  not  extend 
beyond  24  hours,  the  mortality  rate  would  be  expected  to 
continue  to  increase  beyond  this  point,  but  whether  this  in¬ 
crease  would  be  linear  or  exponential  is  unknown. 

PERMISSIVE  HYPOTENSION 

On  the  basis  of  this  information,  the  goals  of  fluid  re¬ 
suscitation  by  the  U.S.  Army  are  to  develop  a  strategy  to 
improve  field  resuscitation  for  combat  casualties  expecting 
delayed  evacuation  and  limited  availability  of  resources.  Dis¬ 
cussions  at  a  workshop  held  at  the  1998  Special  Operations 
Medical  Association  meeting  have  led  to  the  concept  of 
permissive  hypotension  as  a  far-forward  treatment  strategy 
for  special  operations  forces.2  Permissive  hypotension  was 

S43 


Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

01  MAY  2003 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

5a.  CONTRACT  NUMBER 

Small  volume  fluid  resuscitation  for  the  far-forward  combat 

5b.  GRANT  NUMBER 

C11Y11  iilllllclll.  ^UllClll  tunccpis 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROIECT  NUMBER 

Dubick  M.  A.,  Atkins  J.  A.. 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

United  States  Army  Institute  of  Surgical  Research,  JBSA  Fort  Sam 
Houston,  TX  78009 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBIECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

SAR 

18.  NUMBER 

OF  PAGES 

3 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


The  Journal  of  TRAUMA®  Injury,  Infection,  and  Critical  Care 


recognized  as  a  reasonable  approach  in  the  care  of  combat 
casualties  in  World  War  I  and  World  War  II.5’6 

Today,  traditional  fluid  resuscitation  practice  to  normalize 
the  blood  pressure  rapidly  is  being  challenged,  especially  for 
treating  hemorrhagic  shock  victims  with  penetrating  injuries.7'8 
It  has  been  argued  that  normotensive  resuscitation  can  increase 
bleeding  and  worsen  outcome  because  of  severe  hemodilution 
and  disruption  of  newly  forming  blood  clots.  Thus,  permissive 
hypotensive  resuscitation  has  been  introduced  to  avoid  these 
consequences.7-10  Studies  in  experimental  animals  have  shown 
that  in  the  treatment  of  uncontrolled  hemorrhage  from  a  vascular 
injury,  restoring  blood  pressure  to  40  or  60  mm  Hg  resulted  in 
longer  survival  compared  with  animals  resuscitated  to  the  base¬ 
line  mean  arterial  pressure  of  80  mm  Hg  or  animals  that  received 
no  fluid.11'12  In  addition,  providing  some  fluid  even  before 
surgical  repair  of  the  injury  is  performed  also  appeared  to  be 
better  than  delaying  all  fluid  until  after  surgery. 1 1  However,  the 
majority  of  these  studies  have  only  followed  animals  for  a  few 
hours  and  lactated  Ringer’s  (LR)  or  normal  saline  have  been  the 
primary  fluids  examined.13'14  Also,  only  one  study  in  rats  and 
one  in  pigs  have  extended  the  observations  to  72  hours.11'12 
Because  not  all  animals  in  the  hypotensive  resuscitation  groups 
survived  in  these  studies,  further  investigation  warrants  use  of 
different  fluids,  resuscitation  to  a  higher  blood  pressure,  or 
resuscitation  to  better  physiologic  endpoints  in  an  attempt  to 
improve  outcome. 

SMALL-VOLUME  RESUSCITATION 

To  compensate  for  the  logistic  problems  of  providing 
enough  crystalloid  fluids  on  the  battlefield  to  resuscitate  the 
injured  soldier  adequately,  the  U.S.  Army  initiated  studies  to 
investigate  the  potential  efficacy  of  resuscitation  fluids  that 
could  be  effective  in  small  volumes.  As  a  result,  much  time 
and  effort  were  invested  in  evaluating  7.5%  NaCl/6%  dex- 
tran-70  (hypertonic  saline  dextran  [HSD]).  Results  from  pre- 
clinical  and  clinical  studies  have  shown  the  efficacy  of  HSD 
for  the  treatment  of  significant  hemorrhage.15-20 

It  is  also  recognized  that  the  presence  of  hypotension, 
environmental  and  tactical  conditions,  limited  expertise  of  the 
medic,  and/or  the  presence  of  mass  casualties  can  lead  to 
significant  time  delays  and  failures  in  gaining  vascular  access 
in  the  far-forward  combat  arena.  On  the  basis  of  evidence  to 
suggest  that  intraosseous  (IO)  infusion  is  a  viable  route  for 
the  emergency  injection  of  drugs  and  fluids21  and  that  the 
technique  was  easy  to  learn  by  military  first  responders,22  the 
U.S.  Army,  through  in-house  research  activities  and  outside 
contracts,  has  examined  the  intraosseous  route  as  an  alterna¬ 
tive  means  of  infusing  resuscitation  fluids  for  the  treatment  of 
hemorrhagic  hypotension  in  experimental  animals.23-25 
These  studies  observed  that  a  single  dose  of  HSD  was  as 
effective  through  the  IO  route  as  the  intravenous  route.23-25 
In  addition,  where  studies  with  IO  infusion  of  isotonic  crys¬ 
talloids  indicated  that  such  administration  could  not  resusci¬ 
tate  from  hemorrhagic  hypotension  in  a  timely  manner,26  IO 
administration  of  HSD  could  be  effective.24 
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The  safety  of  IO  infusion  of  a  single  dose  of  HSD  has 
been  reviewed  in  recent  years,  and  no  major  tissue  damage 
was  observed,  either  a  few  hours  after  infusion  or  at  2 
weeks.25  However,  most  recently,  Alam  et  al.27  reported  that 
multiple  IO  infusions  of  hypertonic  saline  caused  severe 
necrosis  of  the  tibia  2  days  after  its  infusion  into  the  tibia  of 
dehydrated  pigs.  Although  these  studies  need  confirmation, 
on  the  basis  of  toxicity  studies  of  HSD  and  its  individual 
components,  large  volumes  of  hypertonic  fluids  of  any  com¬ 
position  could  be  expected  to  induce  tissue  necrosis  if  the 
dose  extravasated  into  soft  tissue.28  Taken  together,  these 
studies  may  suggest  limiting  IO  use  of  hypertonic  fluids  to  a 
single  dose,  but  they  should  not  detract  from  the  large  body 
of  literature  citing  the  successful  application  of  IO  infusion 
for  resuscitation  in  emergency  situations.21 

PERMISSIVE  HYPOTENSION  AND  HSD 

Recently,  a  pilot  study  was  initiated  to  determine 
whether  HSD,  infused  through  the  IO  route,  could  be  used  in 
the  context  of  permissive  hypotension  to  resuscitate  animals 
subjected  to  an  uncontrolled  hemorrhage.29  Ketamine-anes¬ 
thetized  Yorkshire -mix  pigs  were  splenectomized  and  instru¬ 
mented  with  arterial  and  venous  catheters  as  previously 
described.10  In  addition,  an  aortotomy  wire  was  inserted  into 
the  infrarenal  aorta.  After  a  30-minute  baseline  period,  ani¬ 
mals  were  bled  25  mL/kg  (approximately  37%  of  estimated 
blood  volume)  from  the  femoral  artery  over  a  30-minute 
period.  An  uncontrolled  hemorrhage  was  induced  by  pulling 
the  aortotomy  wire  and  the  animal  was  left  undisturbed  for  15 
minutes.  Fluid  resuscitation  with  HSD  or  LR  was  initiated 
through  an  IO  sternal  access  device  until  a  systolic  blood 
pressure  of  70  mm  Hg  was  achieved.  This  pressure  was 
maintained  at  this  level  with  the  appropriate  fluid  over  a 
2-hour  experimental  period.  The  results  of  these  studies  in¬ 
dicated  that  the  volume  of  HSD  required  to  maintain  systolic 
blood  pressure  at  70  mm  Hg  was  less  than  10%  of  the  volume 
of  LR  needed,  similar  to  the  data  obtained  with  bolus  infu¬ 
sions  of  HSD.16’17’29 

In  summary,  HSD  and  the  IO  administration  route  are 
consistent  with  the  concept  of  permissive  hypotension,  and 
suggest  that  innovative  means  can  be  explored  for  resuscitat¬ 
ing  injured  soldiers  from  severe  hemorrhage  in  the  far-for¬ 
ward  combat  environment.  However,  much  remains  to  be 
investigated  with  respect  to  the  concept  of  permissive  hypo¬ 
tension.  For  example,  it  is  not  known  whether  permissive 
hypotension  would  worsen  the  incidence  of  late  complica¬ 
tions  that  could  arise  from  incomplete  resuscitation.  In  addi¬ 
tion,  evidence  would  suggest  that  resuscitation  to  a  systolic 
blood  pressure  of  80  mm  Hg  would  be  inadequate  to  improve 
cerebral  perfusion  after  head  injury.  Also,  to  date,  most  fluid 
resuscitation  studies  evaluating  permissive  hypotension  have 
generally  used  crystalloids  such  as  LR  or  normal  (physiolog¬ 
ic)  saline.  Recently,  Burris  et  al.30  suggested  that  at  least 
short-term  outcome  can  be  improved  by  resuscitating  to  a 
lower  blood  pressure  with  a  hypertonic  saline -hetastarch  fluid 
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than  with  LR.  Additional  research  is  warranted  to  determine 
the  optimal  fluid  that  can  be  used  in  small  volumes,  and  to 
improve  outcomes  even  in  situations  where  definitive  care  is 
delayed  for  many  hours  after  injury. 
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